D Croccolo
This special issue, dedicated to bolted joints and mechanical connections, offers an attractive selection of the recent and modern findings on mechanical fastening and their products. It is widely demonstrated that fastening systems play a fundamental role for all engineered products especially because they are, nowadays, driven by the continuously pursuit of highest strength to weight ratios. Structural components are getting lighter by taking advantage of the favorable features offered by high strength steels, titanium, aluminum and magnesium alloys as well as fiber reinforced plastics. Among the wide range of fastening systems, which have to withstand increased thermal, mechanical and environmental impacts, threaded components are the most common and dominant solution for structural joining of different materials. Bolted joints have to be considered as important machine elements which will also play a major role for efficient products in future.
Recent studies highlighted that a modern jet fighter uses nearly twenty thousand fasteners that implies to have a mass of about three hundred kilograms of fasteners. Indeed, fasteners typically comprise up to about one-third of the cost of an aircraft -the same level as the engines. The performance of a fastening system strongly depends on the assembly process that demonstrates to get an improved tightening reliability. Besides this, life-cycle-related product development processes of fastening systems for products are important; considering life-cycle-behaviour, preload stability gets important role, therefore looking to seating, load-induced, yielding, preload measurement and relaxation are extremely important.
Approximately up to seventy percent of all machinery failures are estimated to originate in fasteners. In fact, the combination of lightweight materials with high performance fasteners and new surface treatments entails a lot of new issues that can be easily underestimated in the design phase. For these reasons a large number of researchers and engineers have been dedicating their investigations to bolted joints and connections.
This special issue aims at presenting seven papers dedicated to the above aspects, with particular insight into the state of the art of modern threaded fastening systems and with specific investigations on the static and fatigue strength of components and systems, as well as their reliability and serviceability.
The first paper is dedicated to the influence of lubrication on the frictional characteristics of threaded joints. This paper tackles the following two aspects: (i) the characterization of the preloading force-tightening torque relationship on the actual component by means of a dedicated specimen, (ii) the evaluation of the influence of lubrication on the evolution of the frictional characteristics of the joint across several re-tightening operations. The present work has been carried out by means of both numerical FEA analyses and experimental stress analysis techniques.
The second paper concerns the design of multi bolted joints to prevent self-loosening failure. The aim of the paper is to provide a numerical design method with finite element analysis for detecting and understanding of the self-loosening process at bolted joints. Another focus of the work is to investigate the self-loosening behaviour under combined loading with a superposition of translation and rotation. Combined loading can lead to self-loosening even before reaching the limit of self-loosening for transverse loading. The computational results of the numerical simulation (FEA) are compared with experimental investigations.
The third paper is dedicated to the modeling and numerical analysis of multi-bolt elastic interaction with bolt stress relaxation adopting an analytical multi-bolt elastic interaction model.
The fourth and the fifth papers investigate the quality assured tightening and the ultra sonic tightening control of screw joints. The fourth is dedicated to different kinds of angle monitoring in which torque and angle are extracted from the tool control system, whereas the fifth deals with the ultrasonic clamp force control, based on a novel method for assuring correct echo and high repeatability measurements in the tightening system.
The sixth paper deals with the Statistical Energy Analysis parameter estimation for different structural junctions of rectangular plates. It presents experimental tests and modal approach for the estimation of Coupling Loss Factors of perpendicular plates with different point junctions.
Eventually the seventh paper is devoted to the experimental evaluation of cyclic stresses on axially loaded bolted joints and investigates the maximum torque that leads to the static fracture of bolts.
